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$Q(p, q, r)=A_{11}p^{2}+A_{12}pq+A_{13}pr$ (2.1)
$+A_{21}qp+A_{22}q^{2}+A_{23}qr$
$+A_{31}rp+A_{32}rq+A_{33}r^{2}$ .
, $A_{k\ell}\in M_{2}(\mathbb{C})$ , $p,$ $q,$ $r$
$id/dx$ $x\cross$ . , $r$ $0$
ld . , $A_{11}\neq 0$ , $Q(-id/dx, x\cross,r)$
Schr\"odinger [1, 7, 17] . , $A_{k\ell}(k, P=1,2)$
$A_{11}=A_{22}= \frac{\alpha+\beta}{4}\sigma_{0}+\frac{\alpha-\beta}{4}\sigma_{3}$ , (2.2)
$A_{12}=A_{21}= \frac{1}{2}\sigma_{2}$ , $Q(-id/dx, x\cross, 0)$ , , Parmeg-
giani, [27, 28, 40, 41,
42, 43] .
,
$\sigma_{0}:=(\begin{array}{ll}1 00 1\end{array})$ , $\sigma_{1}:=(\begin{array}{ll}0 11 0\end{array})$ , $\sigma_{2}:=(\begin{array}{l}0-ii0\end{array})$ , $\sigma_{3}:=(\begin{array}{l}100-1\end{array})$
. , $i:=\sqrt{-1}$ .
2.2
$\omega>0$ . $\omega$ Hamiltonian
$h_{os}^{\omega}$ 1- Schr\"odinger :
$h_{os}^{\omega}:=- \frac{1}{2}\frac{d^{2}}{dx^{2}}+\frac{\omega^{2}}{2}x^{2}$
. Hilbert $\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})$ $H_{0}$
$H_{0}:=\overline{(\frac{\alpha+\beta}{2}\sigma_{0}+\frac{\alpha-\beta}{2}\sigma_{3})\otimes h_{os}^{\omega}}$ , $\alpha,\beta>0$ ,
. , $H_{0}$ $\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})$ . $\omega$
$\omega=1$ , $H_{0}$ p Parmeggiani, Hamiltonian
[27, 28, 40, 42, 43]. ,




$\psi_{n}^{\omega}(x);=\frac{1}{2^{n/2\sqrt{n!}}}(\frac{\omega}{\pi})^{1/4}e^{-\omega x^{2}/2}H_{n}(\sqrt{\omega}x)$ , $n\in \mathbb{Z}+$ ,
. , $S(\mathbb{R})$ $\mathbb{R}$ Schwartz , $H_{n}(\xi)$ Hermite
. $\mathbb{C}^{2}$- $\Psi_{n}^{\uparrow}$ $\Psi_{n}^{\downarrow}$
$\Psi_{n}^{\uparrow}(x):=(\begin{array}{l}10\end{array})\otimes\psi_{n}^{\omega}(x)$ and $\Psi_{n}^{\downarrow}(x):=(\begin{array}{l}C1\end{array})\otimes\psi_{n}^{\omega}(x)$, $n\in \mathbb{Z}+$ , (2.4)
. , $\Psi_{n}^{\#}$ $H_{0}$ :
$H_{0} \Psi_{n}^{\uparrow}=(n+\frac{1}{2})\alpha\omega\Psi_{n}^{\uparrow}$ and $H_{0} \Psi_{n}^{\downarrow}=(n+\frac{1}{2})\beta\omega\Psi_{n}^{\downarrow}$ .
, $HamiltonianH_{0}$ ) $\triangleright\sigma$ $(H_{0})$
$(n+ \frac{1}{2})\beta\omega$ $n\in \mathbb{Z}_{+}\}$
, $\lambda\in\sigma(H_{0})$ 2 . , $T$
$\sigma(T)$ . $n$ .
, , $\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})$
$V_{\infty}(t)$ $W(t)$ $(t\in \mathbb{R}_{+})$ . , $\lim_{tarrow\infty}\gamma(t)=0$
$\gamma$ : $\mathbb{R}+arrow \mathbb{R}$ 1 . $V_{\infty}(t),$ $W(t),$ $\gamma(t)$
$V(t)$
$V(t):=V_{\infty}(t)+\gamma(t)W(t)$ , $t\in \mathbb{R}_{+}$ ,
. $V_{\infty}(t)$ Dicke- , $\gamma(t)W(t)$
Dicke- . ,
$\lambda$ : $\mathbb{R}+arrow \mathbb{R}$ , $\lambda(0)=0,$ $\lim_{tarrow\infty}|\lambda(t)|=\infty$ ,
$s$ $t$ , $s<t$ $|\lambda(s)|<|\lambda(t)|$
.
, Hamiltonian H$\lambda,\gamma(t)$ :
$H_{\lambda,\gamma}(t):=H_{0}+\lambda(t)V(t)$ , $t\in \mathbb{R}+\cdot$
Dicke- , : $H_{\lambda,\gamma}(t)$
$E_{dae}(t)$ $H_{0}$ , $E_{dae}(t)$ $t\in \mathbb{R}+$
, $E_{des}(0)= \inf\sigma(H_{0})$ .
61
Definition 2.1 (Dicke- ) $H_{\lambda,\gamma}(t)$ $t\in \mathbb{R}+$
. , Hamiltonian $\{H_{\lambda,\gamma}(t)\}_{t\in \mathbb{R}+}$ Dicke-
, $t\in \mathbb{R}+$ $H_{\lambda_{7}\gamma}(t)$ $E_{\lambda,\gamma}(t)$ ,
(DCl) (DC2) :
(DCl) $E_{\lambda,\gamma}(O)$ $H_{0}$ . , $E_{\lambda_{J}\gamma}(0)> \inf\sigma(H_{0})$ ;
(DC2) $t_{*}>0$ $E_{\lambda,\gamma}(t_{*})<E_{dae}(t_{*})$ $H_{0}$
$E_{des}(t)$ .
, $E_{\lambda,\gamma}(t_{*})= \inf\sigma(H_{\lambda,\gamma}(t_{*}))$ ,
.
Parmeggiani,
VPW $=-i \sigma_{2}\otimes(x\frac{d}{dx}+\frac{1}{2})$ (2.5)
, :
$c_{\ell}^{k}$ : $\mathbb{R}+arrow \mathbb{R}(k, \ell=0,1)$ $V_{\infty}(t)$
$V_{\infty}(t):= \sum_{k_{t}\ell=0,1}i^{k}c_{\ell}^{k}(t)\sigma_{\tau(\ell+1)}\otimes x^{1-k}(\frac{d}{dx})^{k}$ , $t\in \mathbb{R}+$ ’ (2.6)
. , $\tau$ $\tau(1)=2,$ $\tau(2)=1$ {1, 2} .
, , $H_{\lambda_{2}0}(t)$ $H_{\lambda}(t)$ :
$H_{\lambda}(t):=H_{\lambda,0}(t)=H_{0}+\lambda(t)V_{\infty}(t)$ , $t\in \mathbb{R}_{+}$ .
$c_{\ell}^{k}(t)$ :
$(\begin{array}{l}c_{0}^{0}(t)+ic_{0}^{l}(t)c_{l}^{0}(t)+ic_{l}^{l}(t)\end{array});=(\begin{array}{ll}cost -sintsint cost\end{array})(\begin{array}{l}i\sqrt{1}/2\omega\sqrt{\omega}/2\end{array})$ , $t\in \mathbb{R}_{+}$ . (2.7)
, $H_{\lambda}(t)$ , $r=$ ld $Q(p, q, r)$ , ,
$A_{l1}$ Eq.(2.2) , $A_{22}=\omega^{2}A_{11},$ $A_{12}=A_{21}=A_{33}=0$,
$A_{13}+A_{31}=-\sqrt{\frac{1}{2\omega}}\{\sin t\sigma_{1}+\cos t\sigma_{2}\}\lambda(t)$ ,
$A_{23}+A_{32}=\sqrt{\frac{\omega}{2}}\{\cos t\sigma_{1}-\sin t\sigma_{2}\}\lambda(t)$ ,
.
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$\lambda\in \mathbb{R}$ $n\in \mathbb{Z}_{+}$ $E_{n}^{\mp}(\lambda;\alpha, \beta)$
:
$E_{\overline{n}}(\lambda;\alpha,\beta)$




$\Omega_{\overline{n}}(\lambda;\alpha, \beta)=\{\begin{array}{ll}- for n=0,\sqrt{\{(\alpha-\beta)(n-1)+\frac{\alpha-3\beta}{2}\}^{2}\omega^{2}+4n\lambda^{2}} for n\in \mathbb{N}\end{array}$
$3\beta\leq\alpha$ . ,
$E_{n}^{+}(\lambda;\alpha, \beta)$







Theorem 2.2 (2.3) . $V_{\infty}(t)$ Eq.(2.6) , $c_{\ell}^{k}(t)$ $Eq.(2.7)$
. $\gamma(t)W(t)$ $(A1)-(A3)$ :
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(Al) $W(t)$ $\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})$ $t\in \mathbb{R}+$ $D(W(t))\supset$
$D(H_{0})$ ;
(A2) $b_{1}>0$
$\Vert W(t)\Psi\Vert\alpha\otimes L^{2}(\mathbb{R})\leq b_{1}\Vert H_{0}\Psi\Vert\alpha_{\emptyset L^{2}(\mathbb{R})}+b_{2}(t)\Vert\Psi\Vert_{\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})}$
$\Psi\in D(H_{0})$ $t\in \mathbb{R}+$ , $b_{2}(t)>0$
$t\in \mathbb{R}+$ ;
(A3) $\sup_{t\in \mathbb{R}+}|\lambda(t)\gamma(t)|<b_{1}^{-1}$ .
, (i) –(iii) :
(i) $H_{\lambda,\gamma}(t)$ $D(H_{0})$ , $t\in \mathbb{R}+$ .
(ii) $\sigma(H_{\lambda_{2}\gamma}(t))=\sigma_{dis}(H_{\lambda_{2}\gamma}(t))$ . , $\sigma(H_{\lambda,\gamma}(t))$ $\mathcal{E}_{n}(t)$
. , $\mathcal{E}_{n}(t)$ $\Phi_{n}(t)$ , $\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})$
. $\mathcal{E}_{n}(t)$ $H_{\lambda}(t)$ Eq.(2.8) Eq.(2.9)
$E_{n}(t)$ .
(iii) $t\in \mathbb{R}+$ $\lim_{narrow\infty}\mathcal{E}_{n}(t)=\infty$ .
, $T>0$ , $t>T$ $t$ $|\lambda(t)\gamma(t)|$ ,
$\lim_{tarrow\infty}|\lambda(t)|^{3}|\gamma(t)|=0,$ $\sup_{t\in \mathbb{R}+}|b_{2}(t)|<\infty$ . , (iv)
:





, Ritsch [26] Hamiltonian . ,
: (resp. ) $x$ (resp. p) ,
(resp. ) $a$ (resp. $a^{\uparrow}$ ) . 2 ( $|0\rangle$ 1
$|1\rangle)$ $\sigma_{ij}=|i\rangle\langle j|(i,j=0,1)$ . CIAC
Hamiltonian
$H= \frac{1}{2m}p^{2}-\Delta\sigma_{11}-\Delta_{c}a^{\uparrow}a+i\Omega(x)(\sigma_{01}a^{\uparrow}-\sigma_{10}a)+i\alpha(a-a^{\uparrow})$
. , $\Delta$ - $(-\infty<\Delta<+\infty)$ , $\Delta_{c}$
$(\Delta_{c}<0),$ $\Omega(x)$ $\sim$
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, , $x$ $k$ $\Omega(x)=\Omega$ocos $kx$








$W(x, t)$ . , $W(x, t)$
:
$W(x, t)=i\{\alpha_{1}(a-a^{\uparrow})+\alpha_{2}(\sigma_{01}a-\sigma_{10}a^{\uparrow})\}$ , $0\leq\alpha_{1},$ $\alpha_{2}\leq 1$ .
, Hamiltonian
$H( \Omega, \alpha;d)=\frac{1}{2m}p^{2}-\Delta\sigma_{11}-\Delta_{c}a\dagger a+i\Omega(x,t)(\sigma_{01}a^{\dagger d}-\sigma_{10}a^{d})+\alpha(x, t)W(x, t)$
. , $d\in \mathbb{N},$ $\Omega(x, t)$ $\alpha(x, t)$ $(x, t)$ , $\Omega(x, 0)=0=$
$\alpha(x, 0)$ . $\Omega(x, t)$ , , $\Omega(x, t)=\Omega_{0}(t)\gamma(x)$ , $\Omega_{0}(t)$
$t\geq 0$ , $\Omega_{0}(0)=0$ . , $\gamma(x)$
, $\gamma(x)=\cos kx$ .
3.1 $\alpha\equiv 0$
, $\alpha(x, t)\equiv 0$ . Ritsch [26], $\Omega(x, t)$ $x$
$z$ , , Hamiltonian
$H(\Omega, 0;d)$




2 , $H_{0}(z, t;d)$ ,
. ,
$\Xi_{n}(d)=-\Delta_{c}n+\frac{1}{2}(\epsilon_{0}+\epsilon_{1}+d\Delta_{c}-\Delta)$
, Rabi n $(z, t;d)$
$\prime r_{n}(z,t;d)=\frac{1}{2}\sqrt{(\epsilon_{1}-\epsilon_{0}+d\Delta_{c}-\Delta)^{2}+4|\Omega(z,t)|^{2}\frac{n!}{(n-d)!}}$ (3.3)
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. , $H_{0}(z, t;d)$ $E_{n}^{0}(z, t;d),$ $E_{n}^{\pm}(z, t;d)$
: $0\leq n<d$ $n\in \mathbb{Z}$
$E_{n}^{0}(z, t;d)=-\Delta_{c}n+\epsilon_{0}$ .
, $n\geq d$ $n$
$E_{n}^{arrow}(z, t;d)=\{\begin{array}{ll}\Xi_{n}(d)-lr_{n}(z, t;d) \text{ } \epsilon_{1}-\epsilon_{0}\geq\Delta-d\Delta_{c}\Xi_{n+d}(d)-\prime r_{n+d}(z, t;d) \text{ } \epsilon_{1}-\epsilon_{0}<\Delta-d\Delta_{c},\end{array}$
$E_{n}^{+}(z, t;d)=\{\begin{array}{ll}\Xi_{n+d}(d)+\prime r_{n+d}(z, t;d) \text{ } \epsilon_{1}-\epsilon_{0}\geq\Delta-d\Delta_{c},\Xi_{n}(d)+\prime r_{n}(z, t;d) \text{ } \epsilon_{1}-\epsilon 0<\Delta-d\Delta_{c}.\end{array}$
2 : $\max\{d, m\}<n$ $m$ $n$
$D_{mn}^{wc}(d):=\{(z, t)|E_{m}^{0}(z, t;d)<E_{\overline{n}}(z, t;d)$ if $m<d$ ;
$E_{\overline{m}}(z, t;d)<E_{\overline{n}}(z, t;d)$ if $m\geq d\}$ ,
$D_{mn}^{sc}(d):=\{(z,t)|E_{m}^{0}(z, t;d)>E_{\overline{n}}(z, t;d)$ if $m<d$ ;
$E_{\overline{m}}(z, t;d)>E_{n}^{arrow}(z, t;d)$ if $m\geq d\}$ .
3.1.1 $d=1$
\S 3.1.1 $d=1$ . $n\in \mathbb{N}$ $C_{0n}^{0}$
$C_{0n}^{0}:=\{\begin{array}{ll}\Delta_{c}^{2}n-\Delta_{c}(\epsilon_{1}-\epsilon_{0}+\triangle_{c}-\Delta) \text{ } \epsilon_{1}-\epsilon_{0}\geq\Delta-\Delta_{c},\Delta_{c}^{2}(n+1)-\Delta_{c}(\epsilon_{1}-\epsilon_{0}+\Delta_{c}-\Delta) \text{ } \epsilon_{1}-\epsilon_{0}<\Delta-\triangle_{C},\end{array}$
.
3 : $\mathcal{D}_{0n}^{wc}(1)$
$\mathcal{D}_{0n}^{wc}(1):=\{(z, t)||\Omega(z, t)|^{2}<C_{0n}^{0}\}$ ,
$\mathcal{D}$s (1)






Theorem 3.1 $n\in \mathbb{N}$ . , $\mathcal{D}_{0n}^{wc}(1)=D_{0n}^{wc}(1),$ $\mathcal{D}_{0n}^{sc}(1)=D_{0n}^{sc}(1)$ .
,
$E_{0}^{0}(z, t;1)<E_{\overline{n}}(z, t;1)$ $\Leftrightarrow$ $(z, t)\in \mathcal{D}_{0n}^{wc}(1)$ , (3.4)
$E_{0}^{0}(z,t;1)=E_{\overline{n}}(z, t;1)$ $\Leftrightarrow$ $(z, t)\in \mathcal{D}_{0n}^{cr}(1)$ , (3.5)
$E_{0}^{0}(z, t;1)>E_{\overline{n}}(z, t;1)$ $\Leftrightarrow$ $(z, t)\in \mathcal{D}_{0n}^{sc}(1)$ . (3.6)
$1<m<n$ $m,$ $n\in \mathbb{N}$ . $E_{0}^{0}(z, t;1)$ $E_{\overline{n}}(z, t;1)$
Dicke- , $E_{\overline{m}}(z, t;1)$ $E_{\overline{n}}(z, t;1)$
. .
$m<n$ $m,$ $n\in \mathbb{N}$ $C_{mn}^{wc}$ $C_{mn}^{sc}$
$C_{mn}^{wc}:=1_{\Delta_{c}^{2}}^{\Delta_{c}^{2}}\ovalbox{\tt\small REJECT}$
$\frac{m+n}{2}+\sqrt{(\frac{m+n}{2})^{2}+\frac{K^{2}}{2\Delta_{c}^{2}}}\}$ $\epsilon_{1}-\epsilon_{0}\geq\Delta-\Delta_{c}$ ,
$\frac{m+n+2}{2}+\sqrt{(\frac{m+n+2}{2})^{2}+\text{ }}$ $\epsilon_{1}-\epsilon_{0}<\triangle-\Delta_{c}$ ,
$\epsilon_{1}-\epsilon 0\geq\Delta-\Delta_{c}$ ,
$\epsilon_{1}-\epsilon_{0}<\Delta-\Delta_{c}$ ,
. , $K:=\epsilon_{1}-\epsilon 0+\Delta_{c}-\Delta$ .
, 2 : $\mathcal{D}_{mn}^{wc}(1)$
$\mathcal{D}_{mn}^{wc}(1):=\{(z, t)|0\leq|\Omega(z, t)|^{2}<C_{mn}^{wc}\}$ ,
$\mathcal{D}_{mn}^{sc}(1)$
$\mathcal{D}_{mn}^{sc}(1):=\{(z, t)||\Omega(z, t)|^{2}>C_{mn}^{sc}\}$
. , $E_{\overline{m}}(z, t;1)$ $E_{\overline{n}}(z, t;1)$
:
Theorem 3.2 $m,$ $n\in \mathbb{N}$ 1 $<m<n$ . , $\mathcal{D}_{mn}^{wc}(1)\subset D_{mn}^{wc}(1)$ ,
$\mathcal{D}_{mn}^{sc}(1)\subset D_{mn}^{sc}(1)$ . ,
$E_{\overline{m}}(z, t;1)<E_{\overline{n}}(z,$ $t;1)$ , $(z,$ $t)\in \mathcal{D}_{mn}^{wc}(1)$ , (3.7)
$E_{\overline{m}}(z,$ $t;1)>E_{n}^{arrow}(z, t;1)$ , $(z, t)\in \mathcal{D}_{mn}^{sc}(1)$ . (3.8)
67
2 [23] ,
. $\gamma(z)$ $\cos 2\pi z$ . $z=x/\lambda$
. , $\lambda$ : $\lambda=2\pi/k$ . $z=0$
, ( )E8 $(0, t;1),$ $E_{n}^{arrow}(0, t;1),$ $n=1,2,3,4$, 1
. , $|\Omega_{0}(t)|$ $|\Omega_{0}(t)|=2\kappa,$ $4\kappa,$ $6\kappa,$ $8\kappa$
, ( )E8 $(z, t;1)$ $E_{1}^{-}(z, t;1)$ 2
.
1: $\gamma(z)=\cos 2\pi z$ Dicke– . $E_{0}^{0}(0, t;1)=0$ (solid line), $E_{1}^{-}(0, t;1)$ (dashed),
$E_{2}^{-}(0, t;1)$ (short-dashed), $E_{3}^{-}(0, t;1)$ (dotted), $E_{4}^{-}(0, t;1)$ (dashed-dotted). $\epsilon 0=0$ ,
$\epsilon_{1}=6\kappa,$ $\Delta=1\kappa,$ $\Delta_{c}=-3\kappa$ . , $\kappa$ , $z$ $z=0$ .
s $n$ $\yen$WL-XkQn
2: $\gamma(z)=\cos 2\pi z$ Dicke . $E_{0}^{o}(z, t;1)=0$ (solid line), $|\Omega o(t)|=2\kappa$
$E_{1}^{-}(0, t;1)$ (dashed), $|\Omega_{0}(t)|=4\kappa$ $E_{1}^{-}(0, t;1)$ (short-dashed), $|\Omega_{0}(t)|=6\kappa$
$E_{1}^{-}(0, t;1)$ (dotted), $|\Omega_{0}(t)|=8\kappa$ $E_{1}^{-}(0, t;1)$ (dashed-dotted). $t$ $|\Omega_{0}(t)|=$
$2\kappa,$ $4\kappa,$ $6\kappa,$ $8\kappa$ .
, $\epsilon_{1}-\epsilon_{0}\geq\Delta-\Delta_{c}$ . , $(z_{0}, t_{0})\in$
$\mathcal{D}_{mn}^{wc}(1)(0\leq m<n;m, n\in \mathbb{N})$ $E_{\overline{m}}$ ( $z0$ , to; 1) .
, $E_{\overline{n}}(z_{0}, t_{0}; 1)$ $E_{\overline{m}}(z_{0}, t_{0};1)$
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, $E_{\overline{m}}(z_{0}, t_{0};1)$
. , $(z, t)$ $\mathcal{D}_{mn}^{sc}(1)$ , 3.1 32
, $E_{\overline{n}}(z_{0}, t_{0};1)$
, . ,
Ritsch cavity decay [26].
, [36, Eq(5.1)] [3, Eq(2.1)]
, $\Delta T_{marrow n}$ ,
$\Delta T_{marrow n}\approx\frac{2(n-m)}{k_{B}}|\frac{|\Omega(z,t)|^{2}}{\prime r_{m}(z_{0},t_{0};1)+’ r_{n}(z,t;1)}-|\triangle_{c}||$
$+ \frac{2m}{k_{B}}|\frac{|\Omega(z,t)|^{2}-|\Omega(z_{0},t_{0})|^{2}}{\prime r_{m}(z_{0},t_{0};1)+’ r_{n}(z,t;1)}|$ , (3.9)
$(z_{0},t_{0})\in \mathcal{D}_{mn}^{wc}(1),$ $(z, t)\in \mathcal{D}_{mn}^{sc}(1)$ ,
. , $k_{B}$ Boltzmann .
, $(z0, t_{0})\in \mathcal{D}_{mn}^{sc}(1)$ $(0\leq m<n;m, n\in \mathbb{N})$
$E_{\overline{n}}$ ( $z_{0}$ , to; 1) . , $\mathcal{D}_{mn}^{sc}(1)$
$\mathcal{D}_{mn}^{wc}(1)$ , ,
. , $\Delta T_{narrow m}=\Delta T_{marrow n}$ $\Delta T_{narrow m}$ .
3 $E_{1}^{-}(z, t;1)$ $E_{3}^{-}(z, t;1)$ ,
.
$3:E_{1}^{-}(z, t;1)$ (solid line) $E_{3}^{-}(z, t;1)$ (dashed) .
1 , $|\Omega_{O}(t)|$ $12\kappa$ . $\gamma(z)=\cos 2\pi z$ .
.
, : $\ell=0,1,$ $\cdots,$ $N-1$
$(N\in \mathbb{N})$ , $(z_{2\ell+1}, t_{2\ell+1})\in \mathcal{D}_{01}^{wc}(1),$ $(z_{2\ell+2}, t_{2\ell+2})\in \mathcal{D}_{01}^{sc}(1)$ . Eq.(3.9)
, $K\geq 0$ , Dicke-
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,$\frac{2}{k_{B}}\sum_{\nu=1}^{2N}\frac{|\Omega(z_{\nu},t_{\nu})|^{2}}{|K|/2+^{l}r_{1}(z_{\nu},t_{\nu};1)}-\frac{4N}{k_{B}}|\Delta_{c}|$ (3.10)
. $K<0$ . ,
$D_{01}^{wc}(1)$ , , Ritsch
CIAC ( 4). 4 ,
$4:\mathfrak{M}_{1}^{wc}(1)$ $E_{0}^{0}(t, z;1)=0$ (solid line) $E_{0}^{-}(z, t;1)$ (dashed) CIAC (bold line).
1 .
, .
$D_{01}^{wc}(1)$ , $\{(z_{\nu}, t_{\nu})\}_{\nu=1}^{2L}$ .
, Eq.(3.10) . , , $|\Omega_{0}|=8\kappa$
, $\{(z_{\nu}, t_{\nu})\}_{\nu=1}^{2N}$ ( 5). 4 5
5: $E_{0}^{0}(z, t;1)=0$ (solid line) $E_{0}(z, t;1)$ (dashed) Dicke- CIAC (bold line).
1 .
, 5 . , cavity
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. [20, 21, 44] .
$E_{0}^{0}(z, t, 1)$ $E_{1}^{-}(z, t;1)$ 6
7 .
$6$ : $E_{0}^{0}(z, t;1)=0$ (dashed line) $E_{1}^{-}(z, t;1)$ (solid) . 1 .
$7:E_{1}^{-}(z, t;1)$ (solid line) . , $E_{0}^{0}(z, t;1)=0$ . 1 .
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3.1.2 $d\geq 2$
\S 3.12 , $d\geq 2$ . $m,$ $n\in \mathbb{Z}$ $0\leq m<d\leq n$ .
$C_{mn}^{0}(d)$
$C_{mn}^{0}(d):=\{\begin{array}{ll}\frac{(n-d)!}{n!}(n-m)|\Delta_{c}|\{|\Delta_{c}|(n-m)+K_{d}\} \text{ } \epsilon_{1}-\epsilon 0\geq\Delta-d\Delta_{c},\frac{n!}{(n+d)!}(n+d-m)|\Delta_{c}|\cross \cross\{|\Delta_{c}|(n+d-m)+K_{d}\} \text{ } \epsilon_{1}-\epsilon_{0}<\Delta-d\Delta_{c},\end{array}$
. , $K_{d}:=\epsilon_{1}-\epsilon 0+d\Delta_{c}-\Delta$ .
3 : $\mathcal{D}_{mn}^{wc}(d)$






Theorem 3.3 $d\geq 2$ . , $m<d\leq n$ $m,$ $n\in \mathbb{N}$ $D_{mn}^{wc}(d)=$
$\mathcal{D}_{mn}^{wc}(d),$ $D_{mn}^{sc}(d)=\mathcal{D}_{mn}^{8C}(d)$ . ,
$E_{m}^{0}(z, t;d)<E_{\overline{n}}(z, t;d)$ $\Leftrightarrow$ $(z, t)\in \mathcal{D}_{mn}^{wc}(d)$ , (3.11)
$E_{m}^{0}(z, t;d)=E_{\overline{n}}(z, t;d)$ $\Leftrightarrow$ $(z, t)\in \mathcal{D}_{mn}^{cr}(d)$ , (3.12)
$E_{m}^{0}(z, t;d)>E_{\overline{n}}(z, t;d)$ $\Leftrightarrow$ $(z, t)\in \mathcal{D}_{mn}^{sc}(d)$ . (3.13)




Theorem 3.4 $\epsilon_{1}-\epsilon_{0}\approx\Delta-d\Delta_{c}$ . $(z, t)$ $|\Omega(z, t)|>|\Delta_{c}|/\sqrt{(d-1)!}$
, $H_{0}(z, t;d)$ .
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4 $\alpha\neq 0$ CIAC Dicke-
$d=1$ , $\alpha(z, t)W(z, t)$ CIAC Dicke-
.
, $H_{\alpha}(z, t;d)$ Hilbert $\mathbb{C}^{2}\otimes L^{2}(\mathbb{R})$
$\langle\Psi|\Phi\rangle$ .
, $\epsilon>0$ , $C_{\epsilon}(z, t)$
$C_{\epsilon}(z, t);=(1+ \epsilon)\{1+(\frac{\epsilon}{1+\epsilon}I^{2}(\epsilon_{0}+|\epsilon_{1}-\Delta|)+(\frac{1+\epsilon}{\epsilon})^{2}\frac{|\Omega(z,t)|^{2}}{4\Delta_{c}^{2}}\}^{1/2}$
, $n\in \mathbb{N}$ $\theta\geq 0$ , $C_{0n}^{0}[\theta]$
$C_{0n}^{0}[\theta]:=\{\begin{array}{l}(\theta-\Delta_{c})^{2}n+(\theta-\Delta_{c})(\epsilon_{1}-\epsilon_{0}+\Delta_{C}-\Delta)\text{ } \epsilon_{1}-\epsilon_{0}\geq\Delta-\Delta_{c},(\theta-\Delta_{c})^{2}(n+1)+(\theta-\Delta_{c})(\epsilon_{1}-\epsilon_{0}+\Delta_{c}-\Delta)\text{ } \epsilon_{1}-\epsilon_{0}<\Delta-\Delta_{c},\end{array}$
. , $n\in \mathbb{N}$ , $C[n]$
$C[n]:=\{\begin{array}{l}\triangle_{c}^{2}n+\frac{\epsilon_{0}(\epsilon_{1}+\Delta_{c}-\Delta)}{n}-\Delta_{c}(\epsilon_{0}+\epsilon_{1}+\Delta_{c}-\Delta)\text{ } \epsilon_{1}-\epsilon_{0}\geq\Delta-\Delta_{c},\Delta_{c}^{2}(n+1)+\frac{\epsilon_{0}(\epsilon_{1}+\Delta_{c}-\Delta)}{n+1}-\Delta_{c}(\epsilon_{0}+\epsilon_{1}+\Delta_{c}-\Delta)\text{ } \epsilon_{1}-\epsilon_{0}<\Delta-\Delta_{c},\end{array}$
.
, $f(z, t)$ $b,$ $\epsilon’>0$ , $\mathcal{D}(\epsilon, \epsilon’;b, f)$
$\mathcal{D}(\epsilon, \epsilon’;b, f):=\{(z, t)|\alpha(z, t)|<\frac{\epsilon’}{2b}$ ,
$| \alpha(z,t)|(bC_{\epsilon}(z, t)+f(z, t))<\frac{\epsilon’(1+\epsilon)}{2}I$
, $\mathcal{D}_{0n}^{sc}(1;\theta)$




Theorem 4.1 $W(z, t)$ $(A1)-(A3)$ :
(Al) $(z, t)$ , $D(H_{0}(z, 0;1))$ $W(z, t)$ ;
(A2) $b_{1}>0$
$\langle W(z, t)\Psi|W(z, t)\Psi\rangle^{1/2}$
$\leq b_{1}\langle H_{0}(z, 0;1)\Psi|H_{0}(z,0;1)\Psi\rangle^{1/2}+b_{2}(z, t)\langle\Psi|\Psi\rangle^{1/2}$ (4.1)
$\Psi\in D(H_{0}(z, 0;1)),$ $(z, t)$ . , $b_{2}(z, t)>0$ $(z, t)$
;
(A3) $\epsilon>0$ , $\epsilon<1$ , , $(z, t)$ $|\alpha(z, t)|<$
$\{b_{1}(1+\epsilon)\}^{-1}$ .
, $H_{\alpha}(z, t;1)$ $E_{n}^{\#}(z, t;1)$ $\mathcal{E}_{n}^{\#}(z, t;1)$ . , $:=$
$0,$ $\pm$ . , $\theta>0$ $(z_{*}, t_{*})\in \mathcal{D}(\epsilon, \kappa 0;b_{1}, b_{2})\cap \mathcal{D}_{0n}(1;\theta)$ ,
$0<\kappa 0<1/4$ $\kappa 0$ , $\mathcal{E}_{0}^{0}(z, t;1)$ $\mathcal{E}_{n}^{-}(z, t;1)$ $(z, 0)$
$(z_{*}, t_{*})$ Dicke- , $H_{\alpha}(z_{*}, t_{*};1)$
.
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